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1. Introduction

Thermoacoustic” systems are expected to be
an effective technique for the utilization of thermal
exhaust energy. However, these systems need high
temperatures of 300-500°C to drive. In order to
expand the fields of application and reuse the
low-temperature exhaust heat below 200°C, many
studies have been conducted on decreasing the
onset temperature.”” The proposed method for
decreasing the onset temperature includes a
thermoacoustic system with a multi-stage prime
mover having an expanded diameter*®?, as well as
the installing multiple regenerators in the system.**

By using these methods, we developed a
loop-tube-type  thermoacoustic ~ system  with
diameter-expanded two-stage prime movers. We
succeeded in driving the system at approximately
67°C.% In the above study, a heat pump had been
removed. For the next step, we developed a
prototype thermoacoustic cooling system which
could be driven at approximately 80°C and the
cooling point temperature was decreased by 5.8 K
from 20°C.Y In these studies, the length of the
expanded part is not optimized. For practical use,
the influence of the expanded part at the onset
temperature must be investigated.

In the present study, we focused on expanded
part length. As a beginning, we confirmed the
influence of the expanded part length on the onset
temperature in the straight-tube-type system
likewise loop-tube-type system and experimentally
investigated the onset temperature by changing
expanded part length.

2. Experimental system and methods

Figure 1 shows a schematic of the
experimental system. The straight-tube-type
thermoacoustic system with a diameter-expanded
prime mover is comprised of stainless steel tubes
filled with atmospheric pressure air. The total length

E-mail: ot23kegawa@ec.use.ac.jp

T
I mim J

Data logger
Temperature regulator }:—I

Electric
/ heater

FFT analyzer

Pressure sensor

J

42.6 mm Heat exchanger
1

>
Expanded part length
(0.35m, 0.40 m, 0.45 m)

X

=0

Fig. 1 Experimental system.

of the system was 2 m. Both tube ends were sealed.
The inner diameters of tubes were 42.6 mm and
24.2 mm. The expanded part lengths were 0.35 m,
0.40 m and 0.45 m, respectively. The stack
consisted of ceramic honeycombs, which had a
length of 50 mm and a channel density of 600
channels/in®. The installation position of the stack
was x = 0.6 m. In experiments at each expanded
part length, a channel density of the stack and
installation position of the stack was the same.
Water at 20°C was circulated through the heat
exchanger to maintain this temperature on the
constant temperature side of the stack. An electric
heater was used as the heat source.

The sound pressure was measured by four
pressure sensors (PCB Piezotronics, 112A21). We
confirmed spontaneous thermoacoustic oscillation
by using these pressure sensors and a FFT analyzer.
The temperature of the heating point was measured
by K-type thermocouple. An electric heater was
connected to a temperature regulator and the input
power was controlled.

The experimental procedure was as follows.
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First, the stack was heated using an electric heater
to generate spontaneous thermoacoustic oscillation.
Second, we confirmed spontaneous thermoacoustic
oscillation by using four pressure sensors and a FFT
analyzer. Third, by changing the input power to an
electric heater using a temperature regulator, the
temperature of the heated end of the stack was
constantly maintained. Then, the temperature of the
heated end of the stack was gradually decreased
using a temperature regulator until the spontaneous
thermoacoustic  oscillation disappeared. After
confirmation of disappearance, we waited for 10
minutes and confirmed that it could not resume
oscillating. The temperature at which spontaneous
thermoacoustic oscillation just before disappeared
was defined as the onset temperature.

3. Experimental results and Discussion

Figure 2 shows the onset temperature
obtained by the experiment at each expanded part
length. The onset temperatures were 203°C, 214°C,
and 227°C for expanded part lengths of 0.35 m,
0.40 m, and 0.45 m, respectively. The lowest onset
temperature was 203°C for expanded part length of
0.35 m. As the expanded part length becomes
longer, the onset temperature increases by about
10°C.

Figure 3 shows the frequency of the
spontaneous thermoacoustic oscillation obtained by
the experiment at each expanded part length. The
frequencies were 83.3 Hz, 82.4 Hz, and 81.3 Hz for
expanded part lengths of 0.35 m, 0.40 m, and 0.45
m, respectively. As the expanded part length
becomes longer, the frequency decreases by about 1
Hz. A change of frequency arising from the
difference in the expanded part length could be
considered one of causes of the difference in onset
temperature.

These results show that the onset temperature
changed about by 10°C, while the frequency of
spontaneous thermoacoustic oscillation hardly
changed. With the exception of the change of
frequency, there are the factors that contribute to the
onset temperature.

4. Conclusion

We experimentally investigated the influence
of expanded part length on the onset temperature.
The results show that the onset temperature
changed by about 10°C as the expanded part length
changed, whereas the frequency of spontaneous
thermoacoustic oscillation hardly changed. We
confirmed that, with the exception of the change of
frequency, there are the factors that contributed to
the onset temperature.
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Fig. 2 Onset temperature obtained by the experiment
at each expanded part length.
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Fig. 3 Frequency of spontaneous thermoacoustic
oscillation.
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